Background: Fish movements are often studied using radio or acoustic tags assuming the handling and tagging procedures have little effect on the behavior of the animal. Indeed, many studies provide guidelines for acceptable methods. However, these studies generally assume the fish are otherwise healthy but this may not always be the case. One example is the infection of juvenile salmon in the western USA by the naturally-occurring parasitic copepod Salmincola californiensis, for which little is known about the effects on results from tagged animals. We report on observational data from juvenile Chinook salmon (Oncorhynchus tshawytscha) surgically implanted with telemetry tags relative to the numbers of S. californiensis within their branchial cavities and on their bodies to determine if the intensity of infection resulted in differences in mortality shortly after tagging or post-release activity in a reservoir over a period of about 4 months.
Background
The topic of selecting subjects for use in studies using telemetry is one each researcher must address based on the goals of the study. In some cases subjects are randomly or opportunistically selected from the population [1, 2] , but more often they are selected for particular traits, such as being large enough to carry the transmitter [3] or being disease-or injury-free [4, 5] . Selection of disease-or injury-free subjects may not be warranted or possible in all cases. One example is the study of juvenile Chinook salmon (Oncorhynchus tshawytscha) inhabiting some rivers and reservoirs in western USA, where the parasitic copepod Salmincola californiensis is ubiquitous.
The number and types of studies of juvenile Chinook salmon in western Oregon USA has increased sharply in recent years due to a 2008 finding that the existing system of dams for flood control and hydropower jeopardizes certain salmonid stocks [6] . Many of these studies use cultured fish raised in conventional or experimental hatcheries in lieu of naturally-produced fish, primarily due to the difficulty in capturing fish from deep flood-control reservoirs; however, data from naturally-produced fish are preferred when possible. Active telemetry is a common tool in these studies and requires that the tagged population be carefully selected from the available untagged population to ensure the results represent untagged fish as closely as possible [7] . There is currently little information about the effects of S. californiensis on the health or behavior of juvenile Chinook salmon, particularly when telemetry tags are used.
Copepods of the genus Salmincola are common ectoparasites of salmonid fishes [8] [9] [10] . These freshwater animals have several life stages culminating in a parasitic female that attaches to the host, usually prior to copepod egg fertilization and incubation [11] . Kabata and Cousens [11] described the adult female of S. californiensis as about 4 mm long and the adult male about one quarter of the length of the female, making the adult female (often with egg sacs) the most likely life stage observed during macroscopic examination. The parasites attach externally and have been observed on nearly all external surfaces of the body, but most commonly on the gills, opercula, and fin bases [12] . An attachment site is excavated by the parasite and it feeds on epithelial cells it scrapes from the nearby tissue [11, 12] . Damage to gill filaments of the host due to the presence of the parasite has been associated with loss of fitness due to impairment of gas exchange from a reduction in functional gill tissue and has been described affecting fecundity and temperature tolerance [8, 12, 13] . Several control measures have been described for cultured populations [14] [15] [16] .
Salmincola californiensis has been found on several species of Pacific salmonids, including those found in western Oregon reservoirs [9, 10, [17] [18] [19] . Monzyk et al. [18, 19] described the copepod on naturally-produced juvenile Chinook salmon in reservoirs on two tributaries of the Willamette River in Oregon with prevalence nearing 90% and noted intensities ranging to over 20 copepods per fish. Effects of these parasites on their hosts have been described in laboratory and hatchery environments, but descriptions of the effects on free-ranging fishes are lacking. Here we describe observational data on the short-term mortality and long-term activity of telemetered naturally-produced juvenile Chinook salmon in a reservoir on a Willamette River tributary relative to infection with S. californiensis to provide information on the potential effects of infection on data from tagged fish.
Methods
The data were collected from fish at Cougar Reservoir, a flood-control reservoir on a tributary of the Willamette River in western Oregon. This 8 km long reservoir in the west slope of the Cascade mountain range was created in 1963 by the construction of Cougar Dam on the South Fork of the McKenzie River about 74 km east of Eugene, Oregon. During 2011 and 2012, we macroscopically examined 281 juvenile Chinook salmon of natural origin when selecting candidates for surgical implantation of transmitters for a study of in-reservoir behavior and dam passage; details of the source study are described by Beeman et al. [20] [21] [22] . The fish we report on were captured from within Cougar Reservoir using a 91.7 m-long Lampara seine that fished up to 7.6 m deep. We also examined 1,800 hatcheryreared fish collected from two nearby hatcheries, but only one copepod was found during macroscopic examinations and we do not describe them further. The natural-origin fish were age 0 + (fall samples) and 1 + (spring samples) based on their length and had likely been in the reservoir for 7-20 months prior to tagging.
Fish were collected, tagged, and released during spring (March, April and May) of 2011 and in the fall (October and November) of 2011 and 2012. Fish were considered suitable for tagging if they were between 95 and 180 mm in fork length, were free of major injuries, had no external signs of gas bubble trauma or fungus, were less than or equal to 20% descaled, and were not previously tagged with telemetry tags. In the fall of 2011, fish with large numbers of copepods in the branchial cavities, including the gill arches, gill filaments, and medial sides of the operculum of each side, were often rejected from tagging due to the poor expected outcome from the handling and surgical procedures. In 2012, an explicit selection criterion was adopted by which fish with more than a total of five copepods in the branchial cavities were omitted from tagging due to regional concerns about the potential effects of the copepods on fish health (recognizing that no data were available for setting such a criterion). We therefore describe prevalence and intensity data from both years but only use data from 2011 in statistical analyses due to the copepod number restriction in 2012.
Tag implantation and fish recovery were completed at the Cougar Dam adult fish facility slightly downstream from the dam. The procedures are described briefly here and in detail by Surgical Protocols Steering Committee [23] . To implant the transmitter, fish were anesthetized using buffered tricane methanesulfonate (MS-222, Argent Chemical Laboratories, Redmond, WA, USA) at a concentration of 75-80 mg/L in water with a temperature ranging from 6.4 to 14.4°C and averaging 8.3°C. Water temperatures at the tagging location often differed from those of the reservoir upstream, requiring tempering at a rate of 0.5°C per 15 min until they were within 2°C prior to transfer to pre-tag holding containers. All weighing, measuring, and containment equipment was treated with a 0.25 mL/L concentration of Stress Coat ® (Aquarium Pharmaceuticals, Inc., Chalfont, PA, USA) to reduce electrolyte-related handling stress. Fish weight and length and incidental observations such any injuries, descaling, and the location and number of copepods on the body and in the branchial cavities were recorded from anesthetized fish prior to surgery, except that copepod location was not recorded in the spring of 2011. Tags were inserted through a 3-5 mm long incision along the linea alba anterior to the pelvic girdle. The incision was closed with two simple interrupted sutures using 5-0 monofilament (Ethicon Monocryl©). Up to three fish were placed in 7 L of river water within a 19 L partially-perforated bucket following surgery. Buckets were then fitted with lids and placed in a raceway provided with flowing river water, where fish were held 18-36 h. Each bucket was floated in the raceway using a bicycle rubber inner tube around its top to allow fish access to air to adjust their buoyancy. Fish were released from the buckets at the water surface after transport to a site near the head of the reservoir. The time from first exposure to anesthetic to the end of the surgery averaged 6.9 min (range 5.4-8.4 min) and the time from the beginning of the external examination to the end of surgery averaged 2.6 min (range 1.4-3.5 min). Fish were divided into Reject, Mortality, and Released groups to denote fish rejected from tagging, tagged but dying prior to release, and tagged and released alive. Fish handling, including anesthesia and surgery, was performed by skilled trained staff.
Each tagged fish received an acoustic tag and a passive integrated transponder tag. The dimensions of the acoustic tag (Juvenile Salmon Acoustic Telemetry System [24] ) varied between years. In 2011 the acoustic tag dimensions (mm) were 12 high × 5 wide × 4 deep, with an average mass of 0.43 g in air (0.42 g in spring, 0.44 g in fall). In 2012 the acoustic tag dimensions (mm) were 11 long × 5 wide × 3 deep with a mass of 0.31 g in air. The 90th percentile of acoustic tag life, empirically determined from a subsample of 50 tags in each year and season, ranged from 66.0 to 129.0 days depending on the battery type and pulse rate. The fullduplex passive integrated transponder tag was 12.5-mm long, had a diameter of 2 mm, and weighed 0.10 g.
Fish movements were determined from detections at hydrophones placed throughout the reservoir. Sixteen hydrophones were spaced among six arrays in the main body of the reservoir and 12-16 hydrophones, depending on year, were placed within about 100 m of the dam outlet ( Figure 1) . The hydrophones within arrays in the main body of the reservoir were spaced about 100 m from shore and 200 m apart based on empirical data collected in situ indicating 82% of expected transmissions were detected at range of 105 m from a hydrophone (JWB, unpublished data). Hydrophones near the dam outlet were spaced closer together to enable estimation of fish positions, but only fish presence is reported here. The detection probabilities of the arrays were empirically estimated to be at or near 1.0 during each year of study. Further details of the telemetry detection equipment can be found in Beeman et al. [20] [21] [22] .
The prevalence and intensity of infection by adult female copepods, post-tag mortality, and time from release until the last known fish movement were summarized. Prevalence was calculated as the percent of fish infected with adult female copepods. Intensity, as the sum of copepods on both sides of the fish, was divided into areas of the branchial cavities, body, and total (branchial cavities + body) for fish bearing copepods. Pearson product-moment correlation was used to determine the association between intensity, fork length, and the number of copepods in the branchial cavities versus the rest of the body. Post-tag mortality, the mortality of tagged fish prior to release on the four dates with mortalities, was statistically compared among fish with and without copepods in either the branchial cavities or on the body using Fischer's Exact test and an α = 0.10. Post-tag mortality data from fish with three or more copepods in the branchial cavities or two or more on the body were pooled prior to analysis due to small sample sizes of fish with the highest copepod intensities. The time of the last known fish movement was assigned as the time of the first detection at the last array of detection and was presumed a surrogate for mortality after adjusting for empirically-determined tag lives and dam passage; other potential factors such as tag loss were assumed to be independent from infection. The distributions of the times from release to this event were estimated using the Kaplan-Meier survivorship function with subjects censored at the time of dam passage or at the estimated 90th percentile of their tag life. The sparseness of the data required pooling fish with four or more copepods in the branchial cavities as well as pooling fish with more than one copepod on the body. Data from 2012 were omitted from analyses of post-tag mortality and time to the last known movement due to the restrictive selection criterion applied that year. In addition, the event times were censored at 129.0 days to coincide with the empirically-determined 90th percentile of tag life in 2011. Statistical significance was assessed using the Log-Rank test and an α of 0.10 [25] . Analyses were completed using SAS/STAT ® software, version 9.3, of the SAS System for Windows Copyright © 2002-2010 SAS Institute, Inc.
Results
The prevalence of infection was similar between years and varied slightly among Reject, Release, and Mortality groups. The prevalence across years was 86.5% (Table 1) . The prevalence of the groups ranged from 87.8 to 100.0% in 2011 and from 75.0 to 100.0% in 2012. Copepods were noted in the branchial cavities of 74.7% of the fish and on the bodies of 38.1% of the fish.
The intensity of infection was generally similar between years but varied among groups and location. At a mean intensity of 2.6 and a range of 0-19, the branchial cavities had more copepods than the body (mean 0.8, range 0-7, Table 1 ). The maximum intensity of 19 copepods in the brachial cavities was from a fish in the fall 2011 Reject group that had 3 copepods on the body. Total intensity (branchial cavities plus body) averaged 3.4 copepods per infected fish, ranged from 1 to 22 per individual, and was primarily a reflection of the numbers in the branchial cavities. The intensities of infection of the Release group in 2011 (used for statistical analyses) were low relative to the Reject group, but similar to those of the Mortality group in that year. There was a weak positive correlation between fish length and number of copepods (including zero) in the branchial cavities (r = 0.2249, P = 0.0007, N = 222), but no statistically significant relation between length and the number on the body (r = 0.0386, P = 0.5671, N = 222). Moreover, the number on the body was uncorrelated with the number within the branchial cavities (r = 0.0941, P = 0.1294, N = 261), indicating one had no predictive value for the other. Post-tag mortalities were infrequent (2 of 6 tag dates in each year) and 11 of the 16 mortalities occurred in fish tagged on one date in 2011. The sample dates with mortalities were the first two of the fall season in each year (October 18 and 19, 2011 and October 24 and 25, 2012), when surface water temperatures were an average of 13.6°C in 2011 and 10.9°C in 2012 compared to 6.9-10.5°C (2011) and 6.4-7.8°C (2012) for the later dates (ranging from November 2 to 29).
In most cases, the post-tag mortality of fish with even one copepod was greater than uninfected fish, but the data were quite variable and fish with more than three copepods in their branchial cavities or two on their bodies were rare (Figure 2 ). There was a statistically significant effect of post-tag mortality associated with intensity in the branchial cavities (df = 3, P = 0.0273), but not on the body (df = 2, P = 0.8374).
The data suggest a negative effect on the long-term movements of infected fish, but the sparseness of the observational data precludes meaningful conclusions. The range of times from release to the last known movement was smallest for fish with four or more copepods in the branchial cavities but did not appear to be affected by the number on the body. Event times of fish tagged in 2011 with four or more copepods in their branchial cavities were much shorter than those of fish with a lesser intensity, but there were few fish in this category (Figure 3) . Event times of fish with no more than three copepods in the branchial cavities were up to 129.0 days. The longest event time of a fish with four or more copepods in the branchial cavities (N = 11) was 96.6 days and all but three of the fish had event times of 19.9 days or less. Despite these trends, the data does not support significant differences among the event time distributions of fish with 0, 1, 2, 3, or four or more copepods in the branchial cavities (df = 4, χ 2 = 0.9451, P = 0.9180) nor for fish with 0, 1, or 2 or more copepods on the body (df = 2, χ 2 = 0.9831, P = 0.6256).
Discussion
The criteria for selecting research subjects in studies using tagged animals must be carefully chosen. Animals must certainly be capable of carrying the transmitter and surviving in a normal fashion with respect to the behaviors of interest, but the set of criteria chosen to achieve that can be quite variable. Descriptions of the effects of telemetry tags and tagging on fish swimming performance, stress response, predator avoidance, buoyancy and other measures are widespread in the literature; however, such studies often assume the subjects are otherwise healthy. Of course, the goal is to ensure that inferences made from tagged animals represent the larger population of untagged animals. From that standpoint, some may argue that all animals in the sample should be tagged. After all, if we are to represent untagged fish, should not there be similar proportions of healthy, sick, and moribund fish in both populations? While noble, that premise is often unrealistic and may be unethical. There are certainly fish condition thresholds above which the behaviors exhibited by the tagged fish are affected by the handling and tagging procedures themselves and resulting inferences are not representative of untagged fish. Additionally, there are ethical issues to consider when using animals for research and these issues may be heightened in studies of populations already at risk [26, 27] . In some cases, it may not be possible for tagged fish to represent all untagged fish and when so, it needs to be known and explicitly stated in the results. The data we examined supported statistically significant effects of infection by S. californiensis on posttag mortality of juvenile Chinook salmon surgically implanted with telemetry tags, but did not support statistically significant effects on post-release migration behavior. The data also suggest that post-tag mortality may be affected temporally, or by water temperature, or some combination of these factors with copepod intensity, given that mortality only occurred on the two dates with the highest water temperatures in each year. We also found that counting the number on the body, which is faster for the observer and less intrusive for the fish than examining under each operculum, is not useful for predicting the number within the branchial cavities. The branchial cavities must therefore be examined to accurately describe the intensity of infection, whether fish are examined during selection for tagging or to more generally describe the infection of a fish population.
The prevalence of infection from our data was similar to more complete surveys of the reservoir, but fish with high intensities known to occur in the reservoir were absent from our sample. This was likely a result of the limited sampling required to meet our needs for fish to tag and potentially an expression of the selectivity of the sample locations or method we used. Monzyk et al. [18] examined over 2,500 juvenile Chinook salmon from Cougar Reservoir in 2012 using a variety of sampling methods and found 29% of the infected fish had more than four copepods in their branchial cavities and some fish had over 20 (in 2011 they examined over 1,300 fish and measured prevalence but not intensity [19] ). Our data included only six fish with more than four copepods in their branchial cavities, highlighting one of the pitfalls of observational data.
Conclusion
Fish may have naturally-occurring diseases that can affect their response to handling or tagging. We found evidence that infection with the parasitic copepod S. californiensis affected short-term mortality of acoustic-tagged naturally-produced juvenile Chinook salmon, but the data did not support effects on the long-term viability of the tagged fish after release. We also found the effects were related to the intensity of infection in the branchial cavities and not on the body, and that one was not a suitable index for the other. The data we examined provided information to make a preliminary assessment of the effects of S. californiensis on the fate of tagged juvenile Chinook salmon, but included the pitfalls of observational data including poor representation of the study population (intensity level) and lack of control of potentially-important factors such as water temperature and temporal and spatial sampling strata. We suggest the results from our evaluation warrant more rigorous study of the effects of S. californiensis on juvenile Chinook salmon in waters where they coexist. In addition, the results highlight the need for careful selection of study animals and the importance of explicitly stating how the study fish sample represents the untagged fish population. 
